Introduction {#sec1}
============

In elderly and frail adults, most of whom also suffer from osteoporosis, repeated falls are the leading cause of both emergency department visits for trauma and death from injury, especially when these persons are institutionalized[@bib1], [@bib2], [@bib3] One third of the people aged 65 years and over fall every year, and in one to five percent the fall results in a fracture[@bib4], [@bib5], [@bib6]; most commonly hip fractures, vertebral fractures and wrist fractures. The prevalence of these falls increases with stage of frailty, age, number of previous falls and fractures, hospital admission, muscle weakness, low bone mineral density, and are more common in women than in men.[@bib7], [@bib8], [@bib9], [@bib10] With population in the western world aging, it is expected that the number of falls and fractures will increase in coming years. These patients may then require multiple osteosynthetic procedures within a short time frame. Management requires stable fixation that allows early mobilization, as unstable fractures are associated with high rates of complications. Optimal fixation of proximal femoral fractures is still controversial. There is no evidence in the literature demonstrating that an intramedullary nail is superior to extramedullary devices, such as a DHS, when used for stable fracture types.[@bib11], [@bib12] Some studies comparing the gamma nail to the DHS show an increased rate of complications in femur fractures with the use of an intramedullary device.[@bib13] Biomechanically, intramedullary devices have been shown to be superior for unstable fracture types.

A recent meta-analysis of commonly used implants for fixation in elderly trochanteric fractures by Arirachakaran, showed that compression plating (PCCP) seems to be favorable due to shorter operative time, and fewer general complications when compared to other techniques. Additionally, PFN was the lowest in blood loss and hospital stay.[@bib14] IF is associated with shorter operating time, less blood loss, and less initial surgical trauma than total hip replacement, but it has a high reoperation rate, typically varying between 10 and 57%.[@bib15], [@bib16] Despite the lack of dedicated biomechanical studies, clinical experience clearly suggests that additional fractures adjacent to previously placed implants often occur as a result of the significant difference in stiffness between the metallic implant and the osteoporotic bone weakened by immobilization. In these problematic cases, customized techniques accommodating the unique anatomical features of each individual patient are required to achieve satisfactory solutions.

We report a technique for the successful and safe exchange-implantation of a long proximal femoral nail into a proximally fractured femur that already contained a distal femoral nail, to stabilize an unhealed distal femoral fracture.

Patient and methods {#sec2}
===================

An 81-year old female was admitted to our emergency department after a domestic fall. Evaluation of her medical history showed repeated falls due to visual impairment and overall weakness, osteoporosis, severe lymphedema of the right leg (since surgery for an inguinal sarcoma in 1993), phenprocoumon therapy after an unprovoked pulmonary embolism, and a retrograde intramedullary nailing of a distal femoral fracture 7 months prior. Our workup revealed a displaced periprosthetic fracture at the tip of a previously implanted distal femoral nail (DFN) and non-union of the old fracture ([Fig. 1](#fig1){ref-type="fig"}), possibly due to a thin unstable nail with progression of the previously known varus deformity.Fig. 1Displaced proximal femoral fracture at the tip of the previously implanted distal femoral nail (DFN) and non-union of the old fracture.

The ethical committee of the Ludwig Maximilians University (LMU) was contacted before the operation, but we did not need clearance as the technique described didn\'t match the regulations of research on humans but constitutes a surgical technique.

After carefully weighing the treatment options, we decided to explant the DFN and to implant an extra-long lateral femoral nail (LFN) with a femoral neck component to stabilize both fractures. With two instable fractures, one of them still stabilized by the DFN, we faced the difficulty of having to remove the DFN and proximally insert a new nail into all three long bone fragments while maintaining correct alignment. However, the alternative to implanting a long nail proximally while leaving the DFN in place did not seem feasible either. We therefore decided to perform what we now call the "kissing nail technique".

Surgical treatment {#sec3}
==================

The patient was placed under general in the supine position on an orthopedic surgical table with mounted traction boots. The non-fractured limb was placed in a flexed and abducted position to provide more room for the C-arm. The patient was monitored for cardiac activity, blood pressure, and oxygen saturation continuously. Moderate traction was then applied to the right leg. In the first step, all but one interlocking screws of the DFN were removed. The last interlocking screw was left in place to maintain torsional stability. After performing a minimally invasive midline knee arthrotomy, the DFN extraction rod was connected and the last screw of the DFN was removed. Closed reduction of the proximal fracture was then performed under axial traction, and the tip of the DFN was advanced proximally through the medullary canal until it passed the proximal fracture and was positioned above the lesser trochanter. At this point, both the non-union and the acute fracture were reduced. Subsequently, the correct entry point for the LFN was marked by a guide wire under C-arm fluoroscopy and the nail was proximally inserted via the DFN and drilled through the piriformis fossa. After a proximal mini incision using a cannula system, the medullary canal was opened proximally by reaming along the guide wire throughout the first third of the femur. Once the reamer head reached the tip of the DFN, an LFN, extra-long and 3 mm thicker than the DFN, was introduced and advanced distally by the "kissing nail technique," meaning the tips of the two nails were touching each other and all fracture fragments were held in functional reduction. The DFN was slowly pulled backwards and fragment stability was maintained while both nails passed the distal non-union. As anticipated, the old fracture wasn\'t consolidated and there was still movement between the fragments. The LFN was pushed further into the medullary canal as the DFN was pulled back until it could be extracted completely ([Fig. 2](#fig2){ref-type="fig"}). Final positioning was controlled by fluoroscopy in ap and lateral views and the nail was interlocked distally first. In a final step, proximal interlocking was performed under axial compression of the osteosynthesis.Fig. 2The different steps of the kissing nail procedure.

Results {#sec4}
=======

The patient was mobilized by physiotherapy from the first day on, and managed to walk short distances on crutches when discharged. Weight bearing with half body weight was allowed after wound healing and enhanced from week 6 on. At this point, radiographs taken showed correct positioning of the nail, proper reduction, and increasing consolidation of both fractures ([Fig. 3](#fig3){ref-type="fig"}).Fig. 3Radiographs in ap and lateral view show correct positioning of the nail, good reduction, and increasing consolidation of both fractures.

Discussion {#sec5}
==========

Treatment options for femoral fractures in elderly patients include total hip replacement (THA), hemiarthroplasty (HA), plating, and internal fixation (ORIF). Each option has proven benefits and potential risks, and evidence that supports each treatment. As no clinical guidelines exist, the surgical procedure is currently determined by the patient\'s presentation.[@bib17], [@bib18] The continuing controversy results from the conflicting findings supporting a specific treatment modality, and there is still no universal surgical treatment suitable for all patients regardless of the physical demands and comorbidities. Fisher et al were able to show in a 2013 retrospective study of over 3000 patients that no differences could be found in the 30-d mortality rates among ORIF, HA, and THA in patients aged ≥65 y. ORIF and HA demonstrated a lower likelihood of developing respiratory complications compared with THA.[@bib15] Concerning internal fixation, a wide variety of options are available. The degree of angulation, rotation, and shortening which can be tolerated while still providing good function is dependent upon fracture type and location. As intramedullary nailing provides certain additional biomechanical advantages compared to fixation with plates,[@bib19] it is currently the treatment of choice when opting for internal fixation.[@bib20], [@bib21], [@bib22] Our technique has some limitations. So far it has been used on just 2 patients with the one presented being the first. A small number of case reports have been published on fractures above the tip of intramedullary femoral implants.[@bib23], [@bib24], [@bib25] Other authors have suggested that the distal end of the stiff intramedullary nail acts as a stress riser. The effect of this being aggravated local structural weakening as a result of the drill holes for the locking screws. Some fractures, like in our case, appear to derive from these drill holes.[@bib26] Proximal drill holes especially have a substantial stress-riser effect since they are located in the diaphysis which has a smaller circumference and denser cortical bone than the condylar area.[@bib3], [@bib23], [@bib26], [@bib27]

In our patient, the history of a new fall combined with the new onset of pain corroborated the diagnosis of an acute fracture. We hypothesized that the nail tip acted as a localizing area for the new fracture. Given the patient\'s pre-existing osteoporosis, it is possible that the fracture would have occurred without the presence of the implant. However, the implant may have determined the ultimate fracture geometry and location. Several options for surgical management were considered. Factors contributing to our choice of stabilization included the incomplete union of the femoral shaft, continued stability of the retrograde nail, and the location and geometry of the fracture. Other treatment options considered included removal of the retrograde nail followed by antegrade nailing using a reconstruction or trochanteric nail device. This case illustrates that fractures at the tip of a retrograde nail may still occur despite adequate nail length. Contributing factors may be patient related, such as osteopenia, but may also be associated with the implant and localized stress concentration. A large variety of implants and surgical techniques have been described for exchange nailing because of non-union[@bib28], [@bib29], [@bib30] or femoral nail breakage,[@bib30], [@bib31], [@bib32], [@bib33] but none has been established as an undisputed gold standard.[@bib34], [@bib35] Treatment becomes even more challenging when there is a combination of ipsilateral fractures of the femoral shaft and neck,[@bib22], [@bib36] as the preferred implant for one fracture might make reduction and fixation of the other even more difficult.[@bib37], [@bib38] As this was the case with our patient, we decided to aim for a customized solution using the resources that were available such as a traction table for reduction. Even though the literature shows that traction tables provides safe and appropriate patient positioning, it can also cause time delays and complications. Decreasing anesthetic exposure and operative time is an important step in surgical treatment of high risk, elderly patients. Even though manual traction seems to be much more rapid with similar outcomes, it didn\'t seem manageable in a revision.

Conclusion {#sec6}
==========

In this case of consecutive distal and periprosthetic proximal femoral fracture with severely compromised soft tissue, the Kissing Nail Technique allowed for:-simple, safe and fast reduction of instable fragments.-outbalanced biomechanical stress.-precise and easy positioning of the proximal entry point by the retrograde guide wire.-a minimally invasive procedure.-stable fixation.

We hope that this technical note may help others faced with similar problems in the exchange of intramedullary implants in successive long bone fractures of elderly patients.
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